Rationale: Malignant pheochromocytoma in the spine is a rare disease without standard curative managements so far. The objective of this article is to report a very rare case of malignant pheochromocytoma with sacrum metastases causing severe lumbosacral pain, which was presented with acute radiculopathy and treated with three operations combined with cement augmentation and stabilization. The management of these unique cases has yet to be well-documented.
Introduction
Pheochromocytomas are metabolically-active tumors originating from the chromaffin cells of the adrenal medulla. It was reported that 5-year survival rates range from 84% to 96% for benign pheochromocytoma, to about 40% for malignant form. [1] Malignant forms that can affect any part of the body, account for nearly 10% of all cases with the lymph nodes, liver, and lungs being the most common sites of metastasis. [2] Metastatic spread to the spine, however, is extremely rare. In the spinal region, the most commonly affected segment is the thoracic region.
Metastatic spread to the sacral spine is one of its rare manifestations. Recurrences and metastases are common to be seen in patients with malignant pheochromocytomas. In fact, only 18 cases of metastatic pheochromocytoma of the spine have been reported in literature so far. [3] [4] [5] To the best of our knowledge, this is the first reported case of metastatic pheochromocytoma to sacrum in a man presenting with back pain and radiculopathy, who underwent totally 3 operations combined with cement augmentation and stabilization. In the follow-up visit, the patient's conditions improved significantly postoperatively. After reviewing pertinent literatures, we discussed common perioperative considerations in patients with significant metastatic pheochromocytomas to the spine and management considerations for perioperative complications.
Case presentation
In November of 2014, a 58-year-old man presented to our hospital, with progressive back pain, radiating pain, and numbness of his right lower limb. The patient underwent excision of his right adrenal pheochromocytoma in another hospital in 2010. In the medical journal of his current illness, the patient stated he had been experiencing a worsening numbness and radiating pain of his right lower limb for approximately 10 days, and he had also experienced paroxysmal and severe back pain for approximately 2 months. The pain in his back can reach 6 to 7 points using visual analogue scale (VAS) and cannot be alleviated with rest and hot compresses. The patient denied experiencing any loss of consciousness, chest palpitations, diaphoresis, paresthesia, headaches, fatigue, facial flushing, and other constitutional symptoms. Upon further questioning, he recalled a history of paroxysmal hypertension above 160/110 mmHg during the past 1 year. No pertinent family history was identified, including hypertension and cancer. Abdominal computed tomography (CT) revealed sacral lesions, with high suspicion of spinal metastases. After consulting the Department of Endocrinology, he was discharged from our hospital with a prescription of 10 mg of phenoxybenzamine twice a day to control his blood pressure until he could be admitted again for surgery.
On physical exam, the patient showed pressure pain and percussion pain in his sacral region, decreased sensation to pinprick and fine-touch of his right lower limb and exhibited an 5-/5 strength in his bilateral lower limbs. Deep tendon reflexes revealed normal for knee jerk and Achilles tendon reflexes bilaterally. Ataxia, cranial nerves, mini mental, and the rest of the neurological exam showed no abnormalities. Preoperative hemodynamic and cardiovascular assessments included electrocardiogram, echocardiogram, and chest radiography. Preoperative laboratory assessment was conducted, including routine laboratory tests (electrolytes, liver and kidney function tests, complete blood count), tumor markers, and endocrinological evaluation. The results of the laboratory studies were almost within normal range, except the urinary epinephrine levels were significantly elevated to 151.24 mg/24 h (normal: 1.74-6.42 mg/24 h). Genetic investigation was negative for RET, VHL, SDHB, SDHC, SDHD mutations. Spinal CT were ordered to visualize the metastatic lesions, assess the stability of the vertebral column, and to aid in the formulation of a surgical approach. CT of the spine showed the density of soft tissue, obvious bony destruction in the sacrum, and spinal cord compression secondary to the mass, with increased metastatic marrow infiltration of the sacrum (Fig. 1A-D) . Tumor infiltrated through the sacrum body into the posterior elements, thus Fig. 1A-D) . The bone scanning revealed high intake in the sacral spine, with high suspicion of metastatic pheochromocytoma. Subsequently, cement augmentation was performed to destroy the functional tumor and stabilize the spine the day after the embolization of the internal iliac artery under local anesthesia ( Fig. 2A) . The blood pressure and heart rate markedly increased to 220/150 mmHg and 140 beats/min, respectively, when the needle penetrated the tumor, and gradually decreased to normal within 5 minutes. Pathological examination confirmed the diagnosis of malignant pheochromocytoma. Postoperatively, xray and CT image of the spine revealed part of bone cement leaked into the spinal canal ( Fig. 2B and C) . Thus, the patient experienced pain relief but no improvement of leg numbness. The patient was unwilling to undertake any further treatments and was discharged and monitored on an outpatient basis.
The dosage of phenoxybenzamine was gradually reduced, and was stopped 2 months later. Six months later, due to the radiating pain and numbness of his lower limbs caused by the leakage of bone cement into the spinal canal, surgical decompression was performed to improve the impairment caused by the cement (Fig. 3A-F ). We performed a circumferential decompression procedure of the sacral metastasis to alleviate the symptoms caused by the spinal cord compression and subsequently stabilize the vertebral spine to prevent multiple vertebral bodies from collapse. In brief, posterior circumferential decompression, L4, L5, and ilium internal fixation were performed. After general anesthesia induction and intubation, the patient was placed in a prone position for dorsal access to the sacrum spine. For the posterior approach, the muscles were detached gently on each side after a midline longitudinal incision over the spinous processes. The pedicle entry points were exposed by step-by-step bilateral dissection. At the L5-S2 level, the stenosis of the spinal canal, the cohesion of the joint process on S1, the stenosis of bilateral lateral recess, and the epidural compression by the cement were found during operation. At first, we removed the upper articular process of S1, the residual bone protrusion in the spinal canal, the hyperplasia of ligamentum flavum, and the bone cement significantly compressing the S1 nerve root and dura mater. Then, the pedicle screws were placed bilaterally at L4 and L5, followed by pedicle screw insertion at ilium. Because the patient did not exhibit hemodynamic instability to the placement of the pedicle screws, fixation using a Moss SI screw-rod system was employed. Likewise, neither dissection nor screw insertion resulted in significant alterations of the blood pressure or cardiac dysfunction parameters. Visual inspection using the intraoperative fluoroscopy showed optimal position of all pedicle screws. The incision was closed afterwards. Perioperative blood pressure was stable, and intraoperative blood loss was approximately 800 mL, therefore, we used erythrocyte 4U. After surgery, the patient showed evenly decreased sensation to pin-prick and fine-touch of bilateral lower limbs and exhibited a 2/5 strength in the right side, and 4/5 strength in the left side. An emergency lumbar de metal artifact CT examination showed that the position of the right pedicle screw at L5 was not good enough and might stimulate the nerve root (Fig. 4A-F) . Then the revision and adjustment of the internal fixation were performed under general anesthesia. Visual inspection using the intraoperative fluoroscopy showed optimal position of all pedicle screws ( Fig. 5A and B) . The incision was closed. Perioperative blood pressure was stable, and intraoperative blood loss was approximately 300 mL. Postoperatively, the patient was referred to the intensive care unit (ICU). The patient's course in the ICU was uneventful, and he was transferred to the regular ward on the second day. An x-ray after the surgery also confirmed the correct positioning of the implants and no signs of displacement of the screws and rods (Fig. 5C and D) . The postoperative pathology report confirmed a malignant pheochromocytoma (Fig. 6A-H) . Pathological analysis was positive for chromogranin A, synaptophysin, S-100, CD56 (NK-1), and p53 indicating pheochromocytoma from chromaffin cells of the adrenal medulla. Biopsy samples were negative for Melan-A, AE1/AE3, with 5% Ki-67 positive nuclei (Fig. 6I) . Consequently, malignant pheochromocytoma with sacrum metastases was diagnosed via history taking, laboratory values, imaging results, and pathological studies.
One week after the third operation, the patient's muscle strength of lower extremities improved to grade V compared with the preoperative status, and the symptoms were relieved significantly. Moreover, VAS score of his back pain improved to 0 to 1 points compared with the preoperative status, 6 to 7 points. Postoperatively, the patient underwent rehabilitation therapy and was prescribed phenoxybenzamine, 10 mg TID for blood pressure management. As the patient did not develop severe adverse effects, he was discharged and was monitored as an outpatient. The postoperative 3-year follow-up visit showed no tumor progression and no new symptoms. The blood pressure remained stable (<140/90 mmHg), due to patient's compliance to the prescribed medications. To date, the patient has no recurrent symptoms in 3 years of follow-up. The latest urine catecholamine was 21.43 mg/24 h. There were no other complications associated with these 3 operations during the follow-up period.
Discussion
Pheochromocytomas are rare tumors arising from the chromaffin cells predominantly within the adrenal glands. The incidence of pheochromocytomas is approximately 0.2 to 0.9 case per 100,000 individuals per year, and the malignant forms account for approximately 10% of all cases. [1, 2] Typical manifestations include headaches, palpitations, paresthesia, fatigue, flushing, perspiration, or paroxysmal hypertension. Among the above symptoms, paroxysmal hypertension can often mimic the most common cause of elevated blood pressure, making timely diagnosis of pheochromocytoma difficult without a high level of suspicion. [6] Few reports of malignant pheochromocytomas metastatic spread to the spine causing clinical symptoms have been documented so far. The location of the spinal lesion determines the neurological deficits, and there is a great deal of variability. Moreover, back pain is also a common symptom and it may make the differential diagnosis more difficult. Pheochromocytoma may become malignant via their metastatic tendency, and the metastases can help us diagnose a malignant pheochromocytoma. Clinical studies looking at metastatic pheochromocytoma to the spine is lacking due to the extremely low incidence rate. Imaging studies including CT, magnetic resonance imaging (MRI), and bone scan are non-specific, making it difficult to differentiate metastatic spinal pheochromocytoma from other common spinal lesions. However, imaging studies may play a crucial role in the decision making of surgical intervention. The "gold-standard" diagnosis of pheochromocytoma relies on pathological findings. Based on our review of the 18 case reports on PubMed, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] metastatic pheochromocytoma of the spine is slightly more common in the thoracic region and are more commonly diagnosed during the fourth and the fifth decades of life for the sporadic form. [15] There is yet a consensus on the treatment for metastatic pheochromocytomas in the spine due to insufficient amount of case studies.
Surgery is the best treatment for metastatic spinal pheochromocytomas causing back pain, radiculopathy, and paralysis. [16] [17] [18] This protocol enables accomplishment of 2 objectives: it alleviates the neurological deficits by decompressing the stenosis while provides histopathological specimens for diagnosis at the same time. [19] Nevertheless, there are several considerations to be kept in mind when deliberating on surgical intervention to malignant pheochromocytoma with spinal metastasis, including preoperative hemodynamic instability and cardiac arrhythmia control, possible incomplete tumor resection, intraoperative blood loss, and hemodynamic instability, as well as postoperative adjuvant therapy. During the preoperative period, patients should receive alpha blockade with phenoxybenzamine for at least 4 weeks with a blood pressure goal of 140/90 mmHg, and their cardiovascular functions should also be monitored.
As the tumor is highly vascular, there may be significant intraoperative blood loss which may influence the hemodynamic instability and necessitate blood transfusion. Intraoperative blood loss can be significantly minimized by applications of preoperative alpha blockade and preoperative transarterial embolization of the main feeders. [20, 21] As seen in some studies, preoperative embolization used to reduce intraoperative blood loss and operative time is commonly performed under general anesthesia via a trans-arterial approach. Intraoperative blood loss and perioperative transfusion can be effectively reduced by preoperative embolization in patients with spinal metastatic pheochromocytomas. [22, 23] As reported in literature, surgery is recommended to be performed by surgeons within 24 hours after the embolization. A review of literature revealed that the risk of hemodynamic instability is prominent during the resection of an active lesion. Fluctuations in heart rate and blood pressure can result from anesthesia induction and tumor manipulation. [13, 14, 24] Thus, unnecessary manipulation of the metastatic lesions should be avoided, as it can encourage the tumor to spread to adjacent tissues and promote catecholamine release, causing hemodynamic complications.
To date, surgical management of malignant pheochromocytoma of spine has remained under evaluation, with no standard criteria. Osteoplasty by cement augmentation may be a treatment option for patients with metastatic pheochromocytoma in the spine, who cannot undergo appropriate surgery or decline open surgery. [25] However, we need to fully recognize the potential risk of complications in bone cement applications. The safety of this approach still needs to be confirmed in further studies with larger sample sizes and longer follow-up periods. One postoperative complication was cement leakage into the canal and subsequent spinal cord compression. [13, 25] Under this circumstance, surgical extent, cement volume, and postoperative complications are critical factors that need further investigation. [25] The survival benefit of resection of spinal metastases is still unproven. However, such a procedure does have the benefit aiming at controlling residual tumor. [13, 14] The improved survival benefited from reducing the tumor burden, decompressing the spinal stenosis to alleviate radiculopathy, and facilitating subsequent chemotherapy and radiation therapy. Due to its rarity, the chemotherapy regimes have not reached a concensus. Common chemotherapy drugs include Cisplatin, Etoposide, Cytoxan, vincristine, and dacarbazine. [1, 14] Moreover, recurrence and metastasis are common postoperative complications, which we are anticipating may occur in our patient. They account for a significant percentage of morbidity following resection of metastatic pheochromocytoma in the spine. [1] In conclusion, we expect that this report can draw the attention from the research community to how we diagnosed and managed a patient with pheochromocytoma and secondary spinal cord metastases presenting with symptoms of compression caused by cement. Although uncommon, metastatic pheochromocytoma of the spine should be part of the differential diagnosis when the patient presents with back pain and neurological deficits together with hypertension, and pathological examination remain the "gold standard" for diagnosing malignant pheochromocytoma. As preoperative embolization is relatively safe and effective for controlling intraoperative bleeding, it is highly recommended for surgical treatment of spinal metastatic pheochromocytomas or paragangliomas. [22, 23] Moreover, osteoplasty by cement augmentation is also a good choice for surgical treatment. However, we need to take the potential risk of complications in bone cement applications into full consideration. [13, 25] To the best of our knowledge, this is the first report of malignant pheochromocytoma with sacrum metastases. Our patient was treated with 3 operations totally combined with cement augmentation and stabilization, and we also performed preoperative transarterial Liu et al. Medicine (2018) 
Medicine embolization of the main feeders of the tumor to reduce intraoperative blood loss. The management of this unique disorder has yet to be well-documented. This case report has a number of limitations. Firstly, we did not perform a total resection of the spinal metastasis at one-stage operation, mainly due to the high risks associated with the surgical procedure. Secondly, multiple operations are likely to increase the risk of tumor metastasis and recurrence. Last, the combined treatment was not initiated in our patient because the patient chose not to undergo other further treatments. With a multidisciplinary team approach, proper planning, and adequate perioperative medical management, metastatic pheochromocytoma in the spine can be managed much more effectively.
